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'HVFULSWHXUV/RFDX[GH)RUPHSRXUOD5HFRQQDLVVDQFHGH6FULSWHXU
,PUDQ6LGGLTL±1LFROH9LQFHQW
/DERUDWRLUH&5,36,3
8QLYHUVLWp3DULV'HVFDUWHV3DULV)UDQFH
{siddiqi;nicole.vincent}@math-info.univ-paris5.fr
5pVXPp  &HWWH FRPPXQLFDWLRQ SUpVHQWH XQH PpWKRGH
HIILFDFH SRXU O
LGHQWLILFDWLRQ HW OD YpULILFDWLRQ GH
VFULSWHXU EDVpH VXU OHV GRFXPHQWV PDQXVFULWV 1RXV
DYRQVGpYHORSSpXQHDSSURFKHORFDOHUHSRVDQWVXUO¶LGpH
TXH GDQV XQ WH[WH PDQXVFULW LO H[LVWH GHV IRUPHV
UHGRQGDQWHVTX
XQVFULSWHXUXWLOLVHIUpTXHPPHQWFRPPH
LO O
pFULW &HV IRUPHV SRXUUDLHQW rWUH H[SORLWpHV SRXU
LGHQWLILHUO¶DXWHXUG¶XQGRFXPHQWRXYpULILHUODSDWHUQLWp
G
XQ GRFXPHQW 3RXU H[WUDLUH FHV IRUPHV O
pFULWXUH HVW
GLYLVpHHQXQJUDQGQRPEUHG¶LPDJHWWHVXQHQVHPEOHGH
GHVFULSWHXUV HVW H[WUDLW GH FKDFXQH HW HQVXLWH OHV
LPDJHWWHVVLPLODLUHVVRQWJURXSpHVGDQVGHVFODVVHV/HV
IRUPHV TXL VH SURGXLVHQW IUpTXHPPHQW SRXU XQ DXWHXU
VRQW DLQVL H[WUDLWHV /
DXWHXU GX GRFXPHQW LQFRQQX HVW
LGHQWLILp HQ XWLOLVDQW XQH GpFLVLRQ %D\HVLHQQH /H
V\VWqPHpYDOXpVXUXQHEDVHGHVFULSWHXUVFRQGXLWj
GHVUpVXOWDWVHQFRXUDJHDQWV
0RWVFOpV$QDO\VH GH O¶pFULWXUH PDQXVFULWH
,GHQWLILFDWLRQ 9pULILFDWLRQ  &ODVVLILFDWLRQ 'pFLVLRQ
%D\HVLHQQH
 ,QWURGXFWLRQ
0DOJUp OHV SUpGLFWLRQV G
XQPRQGH VDQV SDSLHU HW OH
GpYHORSSHPHQW GHV GRFXPHQWV pOHFWURQLTXHV OHV
GRFXPHQWV PDQXVFULWV RQW JDUGp OHXU LPSRUWDQFH HW OHV
SUREOqPHV GH O
LGHQWLILFDWLRQ HW GH O
DXWKHQWLILFDWLRQ GHV
DXWHXUV RQW FRQVWLWXp XQ GRPDLQH GH UHFKHUFKH DFWLI DX
FRXUV GH FHV GHUQLqUHV DQQpHV &RPSDUp DX WH[WH
pOHFWURQLTXH RX LPSULPp OH WH[WHPDQXVFULW GLIIXVH GHV
LQIRUPDWLRQV DGGLWLRQQHOOHV VXU OD SHUVRQQDOLWp GH OD
SHUVRQQHTXLDpFULW,OH[LVWHXQFHUWDLQGHJUpGHVWDELOLWp
GDQV OH PRGqOH G
pFULWXUH G
XQ LQGLYLGX FH TXL SHUPHW
G¶LGHQWLILHU O
DXWHXU SRXU OHTXHO RQ D GpMj YX XQ WH[WH
pFULW
/D QpFHVVLWp G
DXWKHQWLILHU XQ WH[WH pFULW HVW XQ
SUREOqPHUpFXUUHQWQRQVHXOHPHQWGXSRLQWGHYXHGHOD
ELRPpWULH FRPSRUWHPHQWDOH >%(1 3/$ 6(5
65,@ PDLV pJDOHPHQW GDQV OH FRQWH[WH GH OD
UHFRQQDLVVDQFH G
pFULWXUH >126@ HQ H[SORLWDQW OH
SULQFLSHGHO
DGDSWDWLRQGXV\VWqPHDXW\SHGXVFULSWHXU
/D UHFKHUFKH GDQV OH GRPDLQH D EHDXFRXS pYROXp GDQV
OHV DQQpHV UpFHQWHV HW XQH JUDQGH YDULpWp GH WHFKQLTXHV
RQW pWpSURSRVpHVTXL SHXYHQW rWUH FODVVpHV VRLW FRPPH
JOREDOHV>%286$,@EDVpHVVXUO
DVSHFWJOREDOGH
O
pFULWXUH VRLW ORFDOH >%(1 6+0 6,'@ TXL
LGHQWLILHQW O
DXWHXU j SDUWLU GH O¶H[WUDFWLRQ GHV
FDUDFWpULVWLTXHVORFDOHVGHO
pFULWXUHTXLVRQWLQKpUHQWHVj
OD PDQLqUH GRQW XQ VFULSWHXU pFULW VSpFLILTXHPHQW GHV
FDUDFWqUHV /D FRPELQDLVRQ GH FDUDFWpULVWLTXHV j
GLIIpUHQWVQLYHDX[ HVWpJDOHPHQWFRQQXHSRXUDPpOLRUHU
OH WDX[ G
LGHQWLILFDWLRQ >%8/@ /¶LGHQWLILFDWLRQ GH
VFULSWHXU EDVpH VXU OD UHFRQQDLVVDQFH G
pFULWXUH D
pJDOHPHQW pWp SURSRVpH GDQV OD OLWWpUDWXUH >6&+
6&+@
/D SUpVHQWH FRPPXQLFDWLRQ HVW EDVpH VXU XQH
DSSURFKH ORFDOH SUpVHQWDQW XQ V\VWqPH GH
UHFRQQDLVVDQFHGHVFULSWHXU1RWUHPpWKRGHUHSRVHVXUOD
UHGRQGDQFH GHV IRUPHV TXL HVW DXVVL OD EDVH GH OD
PpWKRGHSURSRVpHSDU>%(1@(QHIIHWOHXUDSSURFKH
HVW OLpH j OD IDoRQ GRQW OHV OHWWUHV VRQW WUDFpHV HW
VHJPHQWpHV FRPPH VL OH EXW pWDLW GH OLUH OH WH[WH1RXV
SHQVRQV TXH OD UHFRQQDLVVDQFH GX VFULSWHXU HVW
LQGpSHQGDQWH GH FH TXL HVW pFULW HW HVW SOXW{W OLpH j OD
PDQLqUHSK\VLTXHSDUODTXHOOHGHVOLJQHVRXGHVERXFOHV
VRQWSURGXLWHV$LQVL O
pFKHOOHGH O¶REVHUYDWLRQSHXWrWUH
LQIpULHXUH j FHOOH G
XQH OHWWUH $XFXQH LQWHUSUpWDWLRQ
VpPDQWLTXHGHVSRUWLRQVGHWUDLWDQDO\VpQ¶HVWQpFHVVDLUH
1RXVSUpVHQWRQVGDQVOHVSDUDJUDSKHVTXLVXLYHQWOHV
GLIIpUHQWHV pWDSHV QpFHVVDLUHV j OD UHFRQQDLVVDQFH GX
VFULSWHXU'HPDQLqUHFODVVLTXHQRWUHV\VWqPHSHXWrWUH
GpFRPSRVp HQ GHX[ SKDVHV O¶DSSUHQWLVVDJH GH FKDTXH
VFULSWHXU DXWRULVp HQ H[WUD\DQW OHV FDUDFWpULVWLTXHV GH
FKDFXQLOV¶HIIHFWXHORUVGHO¶HQU{OHPHQWGXVFULSWHXUHW
OD UHFRQQDLVVDQFH GH VFULSWHXU DSSOLTXpH VXU XQ
GRFXPHQWLQFRQQX
 $SSUHQWLVVDJHGHV6FULSWHXUV
'HSXLV TXHOTXHV DQQpHV OD WHQGDQFH GHV UHFKHUFKHV
VXU OHV pFULWXUHV PDQXVFULWHV V¶HVW IRFDOLVpH YHUV
O¶H[WUDFWLRQ GH FDUDFWpULVWLTXHV SURSUHV DX VFULSWHXU /D
PpWKRGH TXH QRXV SURSRVRQV V¶LQVFULW GDQV FH FDGUH ,O
QH V¶DJLW SDV GH FDOFXOHU OD YDOHXU G¶XQH FDUDFWpULVWLTXH
SRXU XQ VFULSWHXU PDLV G¶H[WUDLUH GH O¶pFULWXUH VHV
FDUDFWpULVWLTXHV SURSUHV 1RXV GpYHORSSRQV XQH
DSSURFKH ORFDOH FKHUFKDQW GH PHWWUH HQ pYLGHQFH GHV
GpWDLOVIUpTXHQWVGDQVXQHpFULWXUH1RXVPRQWURQVTX¶LO
H[LVWHGDQVXQ WH[WHPDQXVFULWGHVIRUPHV UHGRQGDQWHV
SRXYDQW rWUH H[SORLWpHV SDU XQ V\VWqPH G¶LGHQWLILFDWLRQ
GX VFULSWHXU &HV IRUPHV RQW pWp H[WUDLWHV SDU XQ
GpFRXSDJH DGDSWDWLI GH O¶pFULWXUH HQ LPDJHWWHV
O¶H[WUDFWLRQ GH GHVFULSWHXUV GH FKDFXQHV GHV LPDJHWWHV
SXLVXQHFODVVLILFDWLRQJURXSDQWOHVLPDJHWWHVVLPLODLUHV
&HV pWDSHV VRQW SUpVHQWpHV HQ GpWDLO GDQV OHV VHFWLRQV
VXLYDQWHV
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 'pFRXSDJHGHO¶pFULWXUH
/H GpFRXSDJH GH O¶pFULWXUH HVW XWLOLVp SRXU H[WUDLUH
GHVpOpPHQWVLQKpUHQWVDXVFULSWHXUGRQFF¶HVWXQHSDUWLH
LPSRUWDQWHGXSURFHVVXV ,OGRLWrWUHGpSHQGDQWGXWUDFp
SRXU TXH OHV FRQWHQXV SXLVVHQW rWUH FRPSDUDEOHV 2Q D
FKRLVLXQGpFRXSDJHHQFDUUpVGHWDLOOHQ[Q/DWHFKQLTXH
OD SOXV VLPSOH FRQVLVWHUDLW j GpFRXSHU OD WRWDOLWp GH
O¶LPDJH UpJXOLqUHPHQW GH JDXFKH j GURLWH HW GH EDV HQ
KDXW 0DLV FHWWH WHFKQLTXH FRQGXLW j XQ JUDQG QRPEUH
G¶LPDJHWWHVFRQWHQDQWGHVSL[HOVWH[WHVPDLVOHVFDUUpV
QH VRQW SDV WRXMRXUV ELHQ SRVLWLRQQpV SDU UDSSRUW DX[
WUDLWV FHUWDLQV WUDLWV VRQW GLYLVpVGDQV OHXU ODUJHXU HQWUH
SOXVLHXUV LPDJHWWHV GLIIpUHQWHV 'DQV QRV WUDYDX[
SUpFpGHQWV >6,'@ QRXV DYRQV SUpVHQWp XQH DSSURFKH
SOXV DGDSWDWLYH HQ DGDSWDQW OH GpFRXSDJH FRPSRVDQWH
FRQQH[H SDU FRPSRVDQWH FRQQH[H 3RXU FKDTXH
FRPSRVDQWHFRQQH[HGDQV OH WH[WHQRXVIL[RQV O
RULJLQH
YHUWLFDOHHWGpSODoRQVFKDTXHIHQrWUHGHJDXFKHjGURLWH
SRXUWURXYHUVDPHLOOHXUHSRVLWLRQ
,FL QRXV SUpVHQWRQV XQH QRXYHOOH WHFKQLTXH HQ
VXLYDQWODGLUHFWLRQQDWXUHOOHGHODPDLQHWGXWUDFp,OQH
V¶DJLW SDV GH UHWURXYHU O¶RUGUH H[DFW GX WUDFp PDLV GH
SRVLWLRQQHU OHV LPDJHWWHV SDU UDSSRUW DX[ pOpPHQWV
FDUDFWpULVWLTXHVIRQGDPHQWDX['HPDQLqUHjWURXYHUOHV
H[WUpPLWpV GX WUDLW QRXV QRXV UpIpURQV DX VTXHOHWWH GHV
GLIIpUHQWHV FRPSRVDQWHV FRQQH[HV HW SRVLWLRQQRQV XQH
SUHPLqUHIHQrWUHVXUXQSRLQWH[WUrPHGXVTXHOHWWH
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),*±3ODFHPHQWGHIHQrWUHDGpEXWG¶XQWUDLWE
FKRL[G¶XQF{WpDYHFWUDLWVRUWDQWFSRVLWLRQQHPHQW
LQLWLDOGHODIHQrWUHVXLYDQWHGJOLVVHPHQWGHODIHQrWUH
SDUUDSSRUWDXWUDLW
3RXU FKDTXH IHQrWUH QRXV GpILQLVVRQV TXDWUH
GUDSHDX[  (VW 2XHVW 1RUG HW 6XG /H GUDSHDX pWDQW
DIILFKp VL OH WUDLW VRUW GH O¶LPDJHWWH SDU FH F{Wp 6L OH
VTXHOHWWHVRUWGH(RXGH2QRXVSODoRQVODSURFKDLQH
IHQrWUH YHUV OD GURLWH JDXFKH UHVSHFWLYHPHQW GH OD
SRVLWLRQSUpVHQWHVXUO¶LPDJHRULJLQDOHHWGpSODoRQVOD
IHQrWUH GDQV OD GLUHFWLRQ YHUWLFDOH HQ KDXW RX HQ EDV
SRXU WURXYHU OHPHLOOHXU SODFHPHQW VXLYDQW 3DU FRQWUH
V
LOVRUWGH1RXGH6QRXVSODoRQVODSURFKDLQHIHQrWUH
DXGHVVXV HQ GHVVRXV UHVSHFWLYHPHQW HW GpSODoRQV OD
IHQrWUH GDQV OD GLUHFWLRQ KRUL]RQWDOH JDXFKH RX GURLWH
GHVRUWHTX
HOOHVRLWELHQSODFpH/HSURFHVVXVHVWLOOXVWUp
GDQVODILJXUH
'DQV OH FDV R OH VTXHOHWWH VRUWLUDLW GH SOXV G
XQH
GLUHFWLRQ QRXV WUDLWRQV VpSDUpPHQW FKDFXQH GHV
GLUHFWLRQV FRQFHUQpHV /
DOJRULWKPH GX SODFHPHQW GHV
IHQrWUHV HVW DSSOLTXp j FKDFXQH GHV FRPSRVDQWHV HW SDU
FRQVpTXHQW QRXV DYRQV XQ GpFRXSDJH GH O
pFULWXUH HQ
SHWLWHV IHQrWUHV LOOXVWUp SRXU OHPRWµKHDGOLQHV¶ GDQV OD
ILJXUH
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),*±'pFRXSDJHGXPRW
KHDGOLQHV
SDUD'LYLVLRQ
5HJXOLqUHE'pSODFHPHQWKRUL]RQWDOGHIHQrWUHVF
3RVLWLRQQHPHQWGHIHQrWUHVUHODWLIDXWUDLW

/D WDLOOH GHV IHQrWUHVXWLOLVpHVSRXU OHGpFRXSDJH GH
O¶pFULWXUH HVW XQ SDUDPqWUH LPSRUWDQW GHQRWUHPpWKRGH
/D WDLOOH HVW FKRLVLH HQ IRQFWLRQ GH GHX[ FULWqUHV /H
SUHPLHU HVW TXH OD WDLOOH GRLW rWUH DVVH] JUDQGH SRXU
FRQWHQLUDVVH]G¶LQIRUPDWLRQVVXUOHVW\OHGXVFULSWHXUHW
OHVHFRQGHVWTXHFHWWHPrPHWDLOOHGRLWrWUHDVVH]SHWLWH
SRXU DVVXUHU XQH ERQQH SHUIRUPDQFH GX FULWqUH
G¶LGHQWLILFDWLRQ 3RXU QRV pYDOXDWLRQV QRXV DYRQV WHVWp
OHV WDLOOHV GH [ [ [HW [ 3DUPL FHV
GHUQLqUHV XQH WDLOOH GH [ D GRQQp OHV PHLOOHXUV
UpVXOWDWV>6,'@DLQVLSRXUOHUHVWHGHODGLVFXVVLRQOD
WDLOOHGHODIHQrWUHHVWIL[pHj
 ([WUDFWLRQGHV&DUDFWpULVWLTXHV
8QH IRLV TXH OH WH[WH HVW GLYLVp HQ LPDJHWWHV QRXV
SURFpGRQV j O
H[WUDFWLRQ GH GHVFULSWHXUV GH IRUPH VXU
FKDFXQH /D SRVLWLRQ GH OD WUDFH GDQV OD IHQrWUH HVW
G
DERUGQRUPDOLVpHDILQTXHOHVFDUDFWpULVWLTXHVFDOFXOpHV
VRLHQWLQYDULDQWHVjODWUDQVODWLRQ,OQ
HVWFHSHQGDQWSDV
VRXKDLWDEOH GDQV QRWUH FDV G
DYRLU L O
LQYDULDQFH j
O
pFKHOOH DORUV TXH QRXV QH SUpYR\RQV SDV TXH OH
VFULSWHXU PRGLILH OD WDLOOH GH O¶pFULWXUH GDQV XQ PrPH
pFKDQWLOORQ G
pFULWXUH HW LL O¶LQYDULDQFH j OD URWDWLRQ
FRPPH XQH IRUPH HW VD YHUVLRQ WRXUQpH QH VRQW SDV
SURGXLWHVSDUOHPrPHJHVWHGHODPDLQ
/
HQVHPEOH GHV GHVFULSWHXUV TXH O
RQ FDOFXOH SRXU
FKDTXHLPDJHWWHFRPSUHQG
− /D SURMHFWLRQ KRUL]RQWDOH /H QRPEUH GH SL[HOV GH
WH[WHGDQVFKDTXHOLJQHGHO¶LPDJHWWH
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− /D3URMHFWLRQ9HUWLFDOH/HQRPEUHGHSL[HOVGHWH[WH
GDQVFKDTXHFRORQQHGHO¶LPDJHWWH
− 3URILO 6XSpULHXU /D GLVWDQFH VXU FKDTXH FRORQQH
HQWUHOHKDXWGHFKDTXHLPDJHWWHHWOHSUHPLHUSL[HOGX
WH[WH
− 3URILO,QIpULHXU/DGLVWDQFHVXUFKDTXHFRORQQHHQWUH
OHKDXWGHFKDTXHLPDJHWWHHWOHGHUQLHUSL[HOGXWH[WH
− 2ULHQWDWLRQ /
RULHQWDWLRQ JpQpUDOH GH OD IRUPH OD
PHVXUHGHO
DQJOHFRPSULVHHQWUHHWHQWUHO
D[H
GHVDEVFLVVHVHWOHJUDQGD[HGHO
HOOLSVHG¶LQHUWLHGHOD
IRUPH
− ([FHQWULFLWp /H UDWLR HQWUH OD ORQJXHXU GH OD SOXV
ORQJXH FRUGH GH OD IRUPH HW OD SOXV ORQJXH
SHUSHQGLFXODLUHjFHWWHFRUGH
− 5HFWDQJXODULWp /H UDWLR DLUH GH O
REMHW  DLUH GH OD
ERXQGLQJER[
− $OORQJHPHQW/HUDWLRHQWUHODKDXWHXUHWODODUJHXUGX
UHFWDQJOHPLQLPDOFLUFRQVFULW j OD IRUPH OHVF{WpVQH
VRQWSDVQpFHVVDLUHPHQWKRUL]RQWDX[HWYHUWLFDX[
− 3pULPqWUH/HQRPEUHGHSL[HOVGDQV OHFRQWRXUGH OD
IRUPH
− ,UUpJXODULWp  OD SURSRUWLRQ GHV SL[HOV GH O
HQYHORSSH
FRQYH[HTXLVRQWDXVVLGDQVODUpJLRQHOOHHVWFDOFXOpH
FRPPH$LUH$LUH&RQYH[H
/D ILJXUH  LOOXVWUH OHV SURMHFWLRQV KRUL]RQWDOH HW
YHUWLFDOHHWOHVSURILOVFDOFXOpVSRXUXQHLPDJHWWH


),*±/HVSURMHFWLRQVHWOHVSURILOVFDOFXOpVVXUXQH
LPDJHWWH
8QHIRLVTXHWRXVOHVGHVFULSWHXUVRQWpWpFDOFXOpVOHV
YDOHXUV VRQW QRUPDOLVpHV GDQV O¶LQWHUYDOOH >@ HW SDU
FRQVpTXHQW FKDTXH LPDJHWWH HVW UHSUpVHQWpH SDU XQ
YHFWHXUGHGLPHQVLRQG QRQHVWODWDLOOHGHOD
IHQrWUH'DQVQRWUHFDVVRLW6O
HQVHPEOHGHVLPDJHWWHV
QRXVDYRQVGRQF

`^  GLLL VV6FKDTXHDYHF6L6 == 
 5HJURXSHPHQWGHVLPDJHWWHV
5HSUpVHQWDQW FKDTXH LPDJHWWH SDU XQ YHFWHXU RQ
SURFpGH HQVXLWH j OHXU UHJURXSHPHQW GH PDQLqUH j
UpGXLUH OD TXDQWLWp GH GRQQpHV HW j UHQGUH OH UpVXOWDW
LQGpSHQGDQWGH ODTXDQWLWpGHWH[WHpWXGLp/
REMHFWLIHVW
GHJURXSHUOHVIRUPHVSURGXLWHVSDUOHPrPHJHVWHGHOD
PDLQ GDQV OHVPrPHV FODVVHV 3RXU QRWUH FODVVLILFDWLRQ
QRXVDYRQVpYDOXp XQFHUWDLQQRPEUHG¶DOJRULWKPHVTXL
QH GHPDQGHQW SDV XQ FKRL[ SUpDODEOH GX QRPEUH GH
FODVVHV/DGLVVLPLODULWp HQWUHGHX[ IRUPHV HVW FDOFXOpH
SDU OD GLVWDQFH HXFOLGLHQQH GpILQLH GDQV O¶HVSDFH GHV
FDUDFWpULVWLTXHV
¦
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1RXV DOORQV PDLQWHQDQW SUpVHQWHU EULqYHPHQW OHV
DOJRULWKPHVGHUHJURXSHPHQWHPSOR\pHV
 &ODVVLILFDWLRQ6pTXHQWLHOOH
1RXV FKRLVLVVRQV XQ VHXLO GH SUR[LPLWp HW
FRPPHQoRQVSDU OD SUHPLqUH LPDJHWWH FRPPH OH FHQWUH
GH OD SUHPLqUH FODVVH 3RXU FKDFXQH GHV IRUPHV
VXLYDQWHV QRXV FDOFXORQV OD GLVWDQFH HXFOLGLHQQH HQWUH
O
pOpPHQWFRXUDQWHWOHFHQWUHGHFKDTXHFODVVH/
pOpPHQW
HVWDORUVDWWULEXpDX JURXSHPHQW OH SOXVSURFKH$XFDV
R LO QH VH UDSSURFKH SDV DVVH] G¶XQ JURXSHPHQW XQ
QRXYHDX JURXSH HVW FUpp >6,'@ /H SUREOqPH
WRXWHIRLV F
HVW TXH OD SURFpGXUH HVW VHQVLEOH j O
RUGUH
GDQVOHTXHOOHVPRGqOHVVRQWSUpVHQWpV1RXVDYRQVGRQF
PRGLILpO¶DSSURFKH 
 &ODVVLILFDWLRQ6pTXHQWLHOOH0XOWL3KDVH
3RXU UpVRXGUH FH SUREOqPH GH OD FODVVLILFDWLRQ
VpTXHQWLHOOH >%(1 @ SURSRVH G¶HIIHFWXHU SOXVLHXUV
SKDVHVGHFODVVLILFDWLRQDYHFXQHVpOHFWLRQDOpDWRLUHGHV
LPDJHWWHV DILQ G
rWUH PRLQV VHQVLEOH DX[ FRQGLWLRQV
LQLWLDOHV &KDFXQH GHV SKDVHV GH UHJURXSHPHQW SUpYRLW
GRQF XQ QRPEUH YDULDEOH GH FODVVHV /HV GHUQLqUHV
FODVVHVVRQWGpILQLHVFRPPHOHVJURXSHVG¶LPDJHWWHVTXL
VRQW WRXMRXUVUHJURXSpHVDXFRXUVGHFKDTXHSKDVH/HV
DXWUHVLPDJHWWHVTXLQHIRQWSDVSDUWLHG
XQJURXSHVRQW
HQVXLWHDIIHFWpVjODFODVVHODSOXVSURFKH
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 2/UHSUpVHQWHO
HQVHPEOHGHVLPDJHWWHVQRQFODVVpHV
ȝL HVW OD PR\HQQH GH FOXVWHU L HW ȈL VD PDWULFH GH
FRYDULDQFH
 &ODVVLILFDWLRQ6pTXHQWLHOOHjGHX[pWDSHV
1RXV SURSRVRQV PDLQWHQDQW XQ DOJRULWKPH GH
FODVVLILFDWLRQHQGHX[pWDSHV TXLSRXUUDLW rWUH FRQVLGpUp
FRPPH K\EULGH G¶XQH FODVVLILFDWLRQ  SDU SDUWLWLRQ HW HW
G¶XQH FODVVLILFDWLRQ VpTXHQWLHOOH 1RXV GLYLVRQV
O¶HQVHPEOH 6 HQ ĭ VRXVHQVHPEOHV GLVMRLQWV 6S
6Sĭ HQ IL[DQW XQ FULWqUH SRUWDQW VXU OD GLPHQVLRQ N
GX YHFWHXU GH FDUDFWpULVWLTXHV &KDFXQH GH FHV ĭ
SDUWLWLRQV HVW HQVXLWH UHJURXSpH VpSDUpPHQW HQ XWLOLVDQW
O¶DOJRULWKPHVpTXHQWLHOGpILQLFLGHVVXVHWOHVUpVXOWDWVGH
FHV SURFpGXUHV GH FODVVLILFDWLRQ VRQW IXVLRQQpV SRXU
REWHQLUO¶HQVHPEOHILQDOGHFOXVWHUV'DQVQRWUHFDVQRXV
DYRQV FKRLVL GH GLYLVHU OHV LPDJHWWHV HQ IRQFWLRQ GH
O
RULHQWDWLRQGX WUDLW HQ GLYLVDQW O
LQWHUYDOOH±  j 
HQTXDWUHSDUWLHVĭ 
 &ODVVLILFDWLRQ SDU DUEUH GH UHFRQYUHPHQW
PLQLPDO
1RXVSUpVHQWRQVPDLQWHQDQWOHJUDSKHVXUOHTXHOVHUD
UHFKHUFKp OH UHFRXYUHPHQW PLQLPDO 8Q DUEUH GH
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UHFRXYUHPHQWPLQLPDO 0LQLPXP 6SDQQLQJ 7UHH067
G
XQJUDSKHSRQGpUpUHOLH WRXV OHVSRLQWV GHGRQQpHVDX
PRLQGUH FRW SRVVLEOH 'X SRLQW GH YXH GH OD
FODVVLILFDWLRQ VL OHV SRLGV GHV DUrWHV UHSUpVHQWHQW OHV
GLVWDQFHVHQWUHOHVSRLQWVGHGRQQpHVODVXSSUHVVLRQGHV
DUrWHVGX067FRQGXLWjXQHFROOHFWLRQGHFRPSRVDQWHV
FRQQH[HVTXLSHXYHQWrWUHFRQVLGpUpHVFRPPHOHVFODVVHV
>3$,@ 3RXU QRWUH HQVHPEOH GH VRXVLPDJHV QRXV
GpILQLVVRQVOHJUDSKHSRQGpUpQRQRULHQWp*6 9
(FRPPHVXLW O
HQVHPEOHGHVVRPPHWV9 ^6L _6Lȯ
6`HWFHOXLGHVDUrWHV( ^6L6M_SRXU6L6Mȯ6HWL
M`&KDTXHDUrWHXYȯ(DXQSRLGVTXLUHSUpVHQWH OD
GLVWDQFH HXFOLGLHQQHGX Y HQWUHXHWY8QDUEUHGH
UHFRXYUHPHQW 7 GX JUDSKH *6 HVW XQ VRXVJUDSKH
FRQQHFWp GH *6 WHO TXH 7 FRQWLHQQH WRXW VRPPHW GH
*6 HW FHOXL DYHF OD  GLVWDQFH WRWDOH PLQLPXP HVW OH
067/DSURFpGXUHGHUHJURXSHPHQWSHXWrWUHUpVXPpH
SDU

− &RQVWUXLUHXQJUDSKHFRQQHFWp*jSDUWLUGH6
− &RQVWUXLUHXQDUEUHGHUHFRXYUHPHQWPLQLPXP7GH
*
− 5HWLUH]WRXWHVOHVDUrWHVDYHFGHVSRLGVVXSpULHXUVj
XQVHXLO
− FRQVHUYHU OHV FRPSRVDQWHV FRQQH[HV FRPPH OHV
FODVVHV

/H 067 HVW FRQVWUXLW HQ XWLOLVDQW O
DOJRULWKPH GH
3ULP HW OD FODVVLILFDWLRQ HVW EDVpH VXU O
LGpH TXH GHX[
SRLQWV GH GRQQpHV SURFKHV GHYUDLHQW IDLUH SDUWLH GH OD
PrPH FODVVH VRXVDUEUH HW GHV SRLQWV GH GRQQpHV
pORLJQpVGHYUDLHQWDSSDUWHQLUjGHVFODVVHVGLIIpUHQWHVHW
GRQF O¶DUrWH GRLW rWUH FRXSp /H QRPEUH GH FODVVHV
REWHQXHVQDWXUHOOHPHQWHVWVHQVLEOHjODYDOHXUGHVHXLO
FKRLVLH /
DOJRULWKPH IRQFWLRQQHSOXW{W ELHQ j FRQGLWLRQ
TXH OHV GLVWDQFHV LQWHUFODVVHV VRQW QHWWHPHQW SOXV
JUDQGHVTXHOHVGLVWDQFHVLQWUDFODVVH


),*±3URMHFWLRQGHVFODVVHVOHVSOXVIUpTXHQWHV
GDQVOHSODQIRUPpSDUOHVGHX[SUHPLqUHVFRPSRVDQWHV
SULQFLSDOHV

9X O
HIILFDFLWpGHV FDUDFWpULVWLTXHV SURSRVpHV )LJ 
PRQWUH OHV FOXVWHUV REWHQXV DSUqV DYRLU HIIHFWXp XQH
$QDO\VHHQ&RPSRVDQWHV3ULQFLSDOHV$&3UpGXLVDQWOD
GLPHQVLRQQDOLWp j  FH TXLPRQWUH TXH OHV FODVVHV VRQW
DVVH]VpSDUDEOHVHQXWLOLVDQWFHVFDUDFWpULVWLTXHV
8QH IRLV OHV LPDJHWWHV UHJURXSpHV SDU O
XQH GHV
PpWKRGHV H[DPLQpHV FLGHVVXV QRXV SRXYRQV WULHU OHV
FODVVHVVHORQOHXUFDUGLQDOHWQHFRQVHUYHUTXHFHOOHVTXL
RQW VXIILVDPPHQW G
pOpPHQWV /H WHUPH VXIILVDQW
WRXWHIRLV HVW UHODWLI HW QRXV HQ WURXYHURQV OD YDOHXU GH
PDQLqUH DXWRPDWLTXH HQ JDUGDQW OHV WRS 0 SOXV
LPSRUWDQWHV FODVVHV TXL SHUPHWWHQW GH FRXYULU  GHV
SL[HOV GX WH[WHGDQV O¶LPDJH1RXVYR\RQVGpMjGDQV OD
ILJXUH  TXH OH QRPEUH GH FODVVHV UHWHQXHV 0 SRXU
GHX[pFKDQWLOORQVGXPrPHVFULSWHXUHVWDVVH]SURFKHLO
SRXUUDLW VHUYLU GH SDUDPqWUH XWLOH GDQV OD SKDVH
G
LGHQWLILFDWLRQFRPPHQRXVOHYHUURQVSOXVORLQ


 
),*±1RPEUHGHFODVVHVHQIRQFWLRQGHO¶DLUHGHWH[WH
FRXYHUWHQSL[HOV
 
6XLWH j FH ILOWUDJH GHV FODVVHV OH GRFXPHQW ' HVW
UHSUpVHQWpSDUXQHQVHPEOHGHFODVVHV&
`_^ 0N&& N' ≤= 3RXUFKDTXHFODVVH&NQRXVDYRQV
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2QFDOFXOHDXVVLSRXUFKDTXHFODVVHODSUREDELOLWpGH
VRQRFFXUUHQFH3&NVDPDWULFHGHFRYDULDQFH&RYNHWOD
YDOHXU PR\HQQH GX YHFWHXU N6 UHSUpVHQWDQW DLQVL OH
GRFXPHQW'FRPPH
`^ &FDUGN)' NU ≤= 
`^ NNNN 6&RY&3)R = 
 5HFRQQDLVVDQFHGX6FULSWHXU
/D UHFRQQDLVVDQFH GX VFULSWHXU FRPSUHQG
O
LGHQWLILFDWLRQDLQVL TXH ODYpULILFDWLRQ/HSUREOqPHGH
O¶LGHQWLILFDWLRQFRQVLVWHjIDLUHFRUUHVSRQGUHXQHpFULWXUH
GRQQpH j XQH pFULWXUH GH UpIpUHQFH GRQW RQ FRQQDvW
O¶DXWHXU &HWWH DVVRFLDWLRQ HVW UpDOLVpH HQ IRQFWLRQ G¶XQ
LQGLFHGHVLPLODULWp'¶DXWUHSDUWODWkFKHGHYpULILFDWLRQ
GX VFULSWHXU FRQVLVWH j DXWKHQWLILHU OH VFULSWHXU G¶XQ
GRFXPHQW
 ,GHQWLILFDWLRQ
3RXU SRXYRLU LGHQWLILHU O¶DXWHXU G¶XQ GRFXPHQW
LQFRQQX RQ FRPPHQFH SDU OH GpFRXSDJH GH O¶pFULWXUH
VXLYLSDU ODFODVVLILFDWLRQGHV LPDJHWWHV&HVpWDSHVVRQW
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LGHQWLTXHV j FHOOHV HIIHFWXpHV SHQGDQW OD SKDVH
G¶DSSUHQWLVVDJH/¶LPDJHjWHVWHU7HVWDORUVUHSUpVHQWpH
SDU XQH HQVHPEOH GHV YHFWHXUV PR\HQQHV GH FKDTXH
FODVVH `^ MU 67 = 6L OD GLIIpUHQFHHQWUH OH QRPEUHGH
FODVVHVGH7HWOHGRFXPHQWGHUpIpUHQFH'HVWDXGHVVXV
G
XQ FHUWDLQ VHXLO IL[p j  QRXV UHMHWRQV FH
GRFXPHQWHWQRXVSDVVHURQVDXSURFKDLQGRFXPHQWGHOD
EDVHGHUpIpUHQFH

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
6L XQ GRFXPHQW GH UpIpUHQFH UpSRQG j FHWWH
FRQGLWLRQQRXVSDVVHURQVjO
pWDSHVXLYDQWHGpILQLVVDQWOD
PHVXUH GH VLPLODULWp HQWUH OH GRFXPHQW j WHVWHU 7
UHSUpVHQWp SDU 7U HW XQ GRFXPHQW GH UpIpUHQFH '
UHSUpVHQWpSDU'USDU
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HVW jGLUHSRXUFKDTXH M6 GDQV7U O
REMHFWLIHVW
GH WURXYHU OD FODVVH L GX GRFXPHQW' TXL PD[LPLVH OD
SUREDELOLWp GH M6  DSSDUWHQDQW j OD FODVVH &L 
 ML 6&3 HVWHVWLPpHSDU
ORJ

ORJ
 
L
LML
7
LML
&3
66&RY66&RY
+
−−−−
−
PDWULFHG[GLFODVVHGHFRYDULDQFHGHPDWULFHOD
YHFWHXUG[LFODVVHGHPR\HQQHOD
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$YHF O
K\SRWKqVH TXH OHV pOpPHQWV G
XQH FODVVH RQW
XQH GLVWULEXWLRQQRUPDOH XQH GpULYDWLRQ GH O
H[SUHVVLRQ
FLGHVVXVSHXWrWUHWURXYpHGDQV>6,'@1RXVFDOFXORQV
O
LQGLFH GH VLPLODULWp HQWUH OH GRFXPHQW 7 HW WRXV OHV
GRFXPHQWV GDQV OD EDVH GH UpIpUHQFH 5 HW LGHQWLILRQV
O
DXWHXU GX GRFXPHQW HQ TXHVWLRQ FRPPH pWDQW O
DXWHXU
GXGRFXPHQWTXLPD[LPLVHO
LQGH[
 9pULILFDWLRQ
/DYpULILFDWLRQGXVFULSWHXUHVWUpDOLVpHGDQVOHFDGUH
FODVVLTXHGX WHVWGH 1H\PDQ3HDUVRQ(QIDLVDQWYDULHU
OHVHXLOGHGpFLVLRQVXUO
LQGLFHGHVLPLODULWpFDOFXOpHQWUH
OHV GHX[ GRFXPHQWV OHV FRXUEHV ©5HFHLYHU 2SHUDWLQJ
&KDUDFWHULVWLFª 52&VRQWFDOFXOpHV/DSHUIRUPDQFH
GH OD YpULILFDWLRQ HVW TXDQWLILpH SDU OD ©(TXDO (UURU
5DWHª ((5 TXL HVW OH SRLQW R OD )DOVH $FFHSWDWLRQ
5DWHHVWpJDOHjOD)DOVH5HMHFWLRQ5DWH
 5pVXOWDWV
3RXUO¶DSSUHQWLVVDJHHWO¶pYDOXDWLRQGHQRWUHV\VWqPH
QRXVDYRQVDOpDWRLUHPHQWFKRLVLVFULSWHXUVGHODEDVH
,$0 >0$5@ TXL FRQWLHQW GHV WH[WHV PDQXVFULWV VDQV
FRQWUDLQWH 8QH LPDJH GH O
pFULWXUH GH FKDFXQ GHV
VFULSWHXUV HVW XWLOLVpH GDQV OD SKDVH G¶DSSUHQWLVVDJH HW
XQH DXWUH HVW XWLOLVpH GDQV OHV WHVWV &KDTXH LPDJH
FRQWLHQW HQPR\HQQH  OLJQHV GH WH[WH1RXV DYRQV
G
DERUGHIIHFWXpXQHVpULHH[KDXVWLYHG
H[SpULHQFHVSRXU
WURXYHU OD PHLOOHXUH YDOHXU GH VHXLO SRXU FKDFXQH GHV
PpWKRGHV GH FODVVLILFDWLRQ SUpVHQWpH /HV WDX[ REWHQXV
HQ LGHQWLILFDWLRQ VRQW HQVXLWH FRPSDUpV FRPPH LOOXVWUp
GDQVODILJXUH
),*±&RPSDUDLVRQGHUpVXOWDWVG¶LGHQWLILFDWLRQHQ
IRQFWLRQGHODPpWKRGHGHFODVVLILFDWLRQXWLOLVpH

&RPPH RQ SHXW OH FRQVWDWHU j SDUWLU GH OD
FRPSDUDLVRQGHVUpVXOWDWVODFODVVLILFDWLRQVpTXHQWLHOOHj
GHX[ pWDSHV VXUSDVVH OHV DXWUHV PpWKRGHV UpDOLVDQW XQ
WDX[ G
LGHQWLILFDWLRQ GH  /D FODVVLILFDWLRQ067 VH
FRPSRUWH SUHVTX
DXVVL ELHQ  PDLV OH FDOFXO GHV
067HVW DVVH] LQHIILFDFH(Q RXWUH GDQV OHV FDV R OHV
GLIIpUHQFHVHQWUHOHVGLVWDQFHVLQWHUFODVVHVHWLQWUDFODVVH
QH VRQW SDV WUqV LPSRUWDQWHV OHV UpVXOWDWV VRQW
VXVFHSWLEOHV GH VH GpJUDGHU /D FODVVLILFDWLRQ
VpTXHQWLHOOHPXOWLSKDVHPrPHVLHOOHSURGXLWGHVFODVVHV
WUqVILQHVVHVLWXHGHUULqUHOHVDXWUHVPpWKRGHVHQWHUPH
GHSHUIRUPDQFH 

),*±&RPSDUDLVRQGHUpVXOWDWVVXUODYpULILFDWLRQ

3RXUOD WkFKHGHYpULILFDWLRQGXVFULSWHXURQFDOFXOH
OHV FRXUEHV 52& SRXU OHV GLIIpUHQWHV PpWKRGHV GH
FODVVLILFDWLRQ&RQWUDLUHPHQWjFHTXHO
RQDSXREVHUYHU
GDQV OH FDV GX SUREOqPH G
LGHQWLILFDWLRQ F¶HVW OD
FODVVLILFDWLRQ VpTXHQWLHOOH PXOWLSKDVH TXL REWLHQW OH
PHLOOHXU UpVXOWDW XQ ((5 GH O
RUGUH GH 
80%
84%
88%
92%
96%
100%
Top1 Top2 Top3
Seq
MP-Seq
2Step-Seq
MST
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&ODLUHPHQWO
HIILFDFLWpGXV\VWqPHVXUODYpULILFDWLRQGX
VFULSWHXUQ
HVWSDVDXVVLERQQHTXHVXU O
LGHQWLILFDWLRQHW
GRLW rWUHDPpOLRUpH8QHSRVVLELOLWpSRXUUDLW rWUHG
DYRLU
XQVHXLOGHYpULILFDWLRQTXLGpSHQGGXVFULSWHXUDX OLHX
G
XWLOLVHUXQHYDOHXUJOREDOHGHVHXLOSRXUO
HQVHPEOHGHV
VFULSWHXUV GH OD EDVH GH UpIpUHQFH 8QH DXWUH RSWLRQ
SRXUUDLWrWUHG
LQWURGXLUHFHUWDLQVSRVWWUDLWHPHQWVTXDQG
OD GLIIpUHQFH HQWUH O
LQGLFH GH VLPLODULWp GX PHLOOHXU
PDWFKHWFHOXLGXVHFRQGHVWLQIpULHXUjXQFHUWDLQVHXLO
&HVSUREOqPHVVHURQWDERUGpVGDQVODUHFKHUFKHjVXLYUH
/H V\VWqPH GRLW pJDOHPHQW rWUH WHVWpH VXU XQH SOXV
JUDQGHEDVHSHUPHWWDQWXQHFRPSDUDLVRQDYHFOHVDXWUHV
PpWKRGHVTXLRQWpWppYDOXpHVVXUOHPrPHHQVHPEOHGH
GRQQpHV

 &RQFOXVLRQ
1RXV DYRQV SUpVHQWp XQH PpWKRGH HIILFDFH SRXU OD
UHFRQQDLVVDQFH GH VFULSWHXUV j SDUWLU GH OHXU pFULWXUH
PDQXVFULWH /D WHFKQLTXH V¶DSSXLH VXU O
H[WUDFWLRQ GHV
IRUPHV TX
XQ DXWHXU VSpFLILTXH HPSORLH IUpTXHPPHQW
TXDQG LO GHVVLQH OHV FDUDFWqUHV &HSHQGDQW OH WH[WH
SUpVHQWp GRLW rWUH VXIILVDPPHQW ORQJ  SRXU TX
LO QRXV
SHUPHWWH G
H[SORLWHU O
LGpH GH OD UHGRQGDQFH GH IRUPHV
GDQVXQHpFULWXUH/HVWDX[G¶LGHQWLILFDWLRQUpDOLVpVVRQW
WUqV HQFRXUDJHDQWV HW LOV SHUPHWWHQW GH YDOLGHU QRWUH
PpWKRGH /HV UpVXOWDWV GH OD YpULILFDWLRQ WRXWHIRLV QH
VRQWSDVDXVVLERQVHWGRLYHQWrWUHDPpOLRUpVFHTXLIHUD
O
REMHWGHQRVIXWXUHVUHFKHUFKHV'HSOXVHQFKDQJHDQW
OD WDLOOH GH IHQrWUH SHQGDQW OD SKDVH GH GpFRXSDJH GH
O¶pFULWXUH FHWWH PpWKRGH SHXW V¶DSSOLTXHU j GHV WH[WHV
DXWUHV TXH GHV WH[WHV RFFLGHQWDX[ WHOV TXH FHX[ HQ
pFULWXUH DVLDWLTXH RX DUDEH 2Q SHXW DYRLU XQ V\VWqPH
SOXV UREXVWH OH UHQGDQW FDSDEOH G
DMXVWHU
DXWRPDWLTXHPHQW OD WDLOOH GH OD IHQrWUH HQ IRQFWLRQ GHV
GpWDLOV GH O
pFULWXUH /D FDSDFLWp G¶DQDO\VHU OH WH[WH j
GLIIpUHQWHV UpVROXWLRQV HW j GLIIpUHQWHV pSDLVVHXUV GHV
WUDLWVSHXWpJDOHPHQWrWUHDPpOLRUpH

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